Objective: To compare laparoscopic distal pancreatectomy (LDP) versus open distal pancreatectomy (ODP) by using meta-analytical techniques. Background: LDP is increasingly performed as an alternative approach for distal pancreatectomy in selected patients. Multiple studies have tried to assess the safety and efficacy of LDP compared with ODP. Methods: A systematic review of the literature was performed to identify studies comparing LDP and ODP. Intraoperative outcomes, postoperative recovery, oncologic safety, and postoperative complications were evaluated. Meta-analysis was performed using a random-effects model. Results: Eighteen studies matched the selection criteria, including 1814 patients (43% laparoscopic, 57% open). LDP had lower blood loss by 355 mL (P < 0.001) and hospital length of stay by 4.0 days (P < 0.001). Overall complications were significantly lower in the laparoscopic group (33.9% vs 44.2%; odds ratio [OR] = 0.73, 95% confidence interval [CI] 0.57-0.95), as was surgical site infection (2.9% vs 8.1%; OR = 0.45, 95% CI 0.24-0.82). There was no difference in operative time, margin positivity, incidence of postoperative pancreatic fistula, and mortality. Conclusions: LDP has lower blood loss and reduced length of hospital stay. There was a lower risk of overall postoperative complications and wound infection, without a substantial increase in the operative time. Although a thorough evaluation of oncological outcomes was not possible, the rate of margin positivity was comparable to the open technique. The improved complication profile of LDP, taken together with the lack of compromise of margin status, suggests that this technique is a reasonable approach in selected cancer patients. (Ann Surg 2012;255:1048-1059 L aparoscopic surgery, with advances in instrument technology and surgeon experience, has become widely accepted and is the standard technique for several abdominal surgical procedures. 1-4 However, laparoscopic resection of pancreatic lesions has appropriately been undertaken with more caution than certain other laparoscopic procedures such as colon resection, probably because of the inherent challenges faced in this procedure, such as major vessel proximity, retroperitoneal location, and propensity for postoperative complications. In addition, pancreatic surgery is less common, making it more difficult to develop and overcome the learning curve of the laparoscopic pancreas surgery.
Shortly after the initial description of laparoscopic distal pancreatectomy (LDP) in porcine models 5 and early attempts in humans, [6] [7] several small series began to appear in the literature. Although prospective, randomized trials are lacking, a growing number of case series and multi-institutional studies have been published that compare the safety and efficacy of LDP and open distal pancreatectomy (ODP).
The aim of the present study was to evaluate the available published literature that compares LDP with ODP and assesses the potential advantages of each technique. We used meta-analytical techniques and sensitivity analysis to compare and integrate the results of these studies both qualitatively and quantitatively, while taking into account variations in characteristics of the reports that can influence the overall estimate of the outcome of interest.
METHODS

Study Selection
A systematic review of the literature was performed using the Medline, Embase, PubMed, and Cochrane databases to identify all studies published up to 2011 that compared LDP versus ODP. The search terms used were "laparoscopy," "minimally invasive," "laparotomy," "pancreatectomy," and "comparative study." The aforementioned terms and their combinations were also searched as text words, as were "laparoscopic," "open," "minimally invasive surgery," "distal pancreatectomy," "left pancreatectomy," "laparoscopic versus open pancreatectomy," and "minimally invasive versus open pancreatectomy." The related article's function was used to broaden the search, and all abstracts, studies, and citations obtained were reviewed. References of the articles acquired were also searched by hand. The last search was conducted on January 11, 2011.
Exclusion Criteria
Studies that failed to fulfill the inclusion criteria were excluded. In addition, the following criteria were used to exclude studies: (1) studies in which the outcome of interest mentioned below were not reported or if it was impossible to calculate these from the published reports; (2) studies that focused on laparoscopic enucleation, debridement, or necrosectomy and pancreatectomy for trauma; (3) studies involving exclusively robotic procedures. However, we included the conventional laparoscopic and open data, if presented by the same group and/or reported in the same study; and (4) studies written in languages other than English.
Outcomes of Interest and Definitions
LDP (including hand-assisted) and ODP were compared on the basis of several perioperative outcomes, which ranged from operative parameters (operative time, intraoperative blood loss, and transfusion rate), postoperative recovery (time to ambulation, time to oral feeds, time to flatus, and length of hospital stay), oncologic safety (lymph node harvest and margin status), and postoperative complications (overall complications, major complications, surgical site infections, reoperation rate, pancreatic fistula, and mortality). The International Study Group of Pancreatic Fistula (ISGPF) 8 definition was not used in all the included studies and variations in the definition of pancreatic fistula are shown in Table 1 .
8-9
Statistical Analysis
This meta-analysis was performed in line with recommendations from the Cochrane Collaboration and Meta-analysis of Observational Studies in Epidemiology guidelines. [10] [11] Dichotomous variables were analyzed using odds ratio (OR), which represented the odds of an event occurring in the treatment group (LDP) compared with the reference group (ODP). An OR < 1 favored the LDP group and the point estimate of the OR was considered statistically significant at the P < 0.05 level if the 95% confidence intervals (CIs) did not include the value 1. We used the Mantel-Haenszel method to combine the OR for the outcomes of interest. Studies that contained a zero in one cell for the number of events in one of the 2 groups were added the Yates correction. [12] [13] These "zero cells" create problems with the computation of the OR measure and its standard error (SE). The Yates correction involves adding the value 0.5 to each cell of the 2 × 2 table for the study in question. If there were no events in an outcome of interest for both LDP and ODP, this study was discarded from the analysis.
Analysis of continuous variables was done by calculating the weighted mean difference (WMD), 14 which summarizes the difference between the 2 groups, while accounting for sample size. For studies that presented continuous data as median and/or range values, the standard deviation (SD) was calculated using statistical algorithms. 15 In the tabulation of the results, squares indicate the point estimates of the treatment effects (OR or WMD) with 95% CIs indicated by the horizontal bars. The diamond represents the summary estimate from the pooled studies with 95% CIs. For both continuous and dichotomous outcomes, a "random effect" meta-analytical technique was used. 14, 16 In a random effects model, it is assumed that there is variation between studies, and the calculated OR thus has a more conservative value. Because patients who are operated at different centers may have varying risk profiles and varying selection criteria for each surgical technique, the random effects model was chosen to take this heterogeneity into account.
A qualitative assessment of the studies was done on the basis of the Newcastle-Ottawa Scale 17 and the Quality Assessment Tool for Systematic Reviews of Observational Studies 18 with some modifications to match the needs of this study. Three factors were examined to evaluate the quality of each study, which included patient selection, comparability of the study groups, and assessment of the outcome. A score of 0 to 9 was assigned to each study and studies achieving a score of 6 or greater were considered high quality.
Assessment of heterogeneity was done by performing a sensitivity analysis using the following groups: (1) all studies, (2) study size (more than 20 patients in each arm), (3) studies that matched the treatment groups on clinicopathological factors, (4) studies of high quality (quality score ≥ 6), and (5) prospective studies or retrospective reviews of prospectively maintained database. Analysis was conducted using the statistical software Review Manager Version 5.0 (The Cochrane Collaboration, Software Update, Oxford, London) and Intercooled Stata Version 11.0 (StataCorp, College Station, TX)
RESULTS
Selected Studies
A total of 818 potential articles published up to 2011 were identified from literature searches. After elimination of 218 duplicates, 600 articles remained. Of these, 30 articles were selected based on their titles and abstracts, and a full examination of the text was performed. Eighteen studies matched the selection criteria and were suitable for meta-analysis [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] (Fig. 1 ). Studies included purely retrospective reviews (n = 10), retrospective reviews of prospectively maintained data (n = 7), and a combination of both (n = 1). There were no randomized controlled trials comparing the 2 procedures. A total of 1814 subjects were analyzed, of which 773 (43%) underwent LDP and 1041 (57%) ODP. On review of the data extraction, there was 100% agreement between the 2 reviewers.
The characteristics of these studies are summarized in Table 1 . All studies had a recent year of publication (2006 or later) and 10 studies contained at least 20 patients in both LDP and ODP groups. A conversion rate was reported in 14 studies (range: 0%-30%). Matching criteria or the parameters used to match the laparoscopic and the open groups were variable, and all but 8 studies used some form of clinically important matching. Although the conversion rate was reported in majority of the studies, information on whether an intention to treat analysis was done or not, was either absent or too heterogeneous. The data were hence analyzed as reported by the authors. The results from meta-analysis of the studies with regard to operative parameters, postoperative recovery, oncologic safety, and postoperative complications are summarized later.
Operative Parameters
Fifteen studies reported operative times ( Figure 2 ). [19] [20] [21] [22] [23] [24] [25] [27] [28] [29] [30] [31] [32] [33] 36 The mean operative time in the LDP group was 10.23 minutes higher than in the ODP group, although this difference was not statistically significant (95% CI −7.12 to 27.59, P = 0.25). Operative blood loss was reported in 13 studies [19] [20] [21] [22] [23] 25, [28] [29] [30] [31] [32] [33] 36 and transfusion rate was reported in 6 studies 24, 27, [29] [30] [31] [32] Meta-analysis showed that blood loss was significantly lower in the LDP group than in the ODP by 354.98 mL (95% CI −529.29 to −180.66, P < 0.001). LDP was also associated with significantly lower odds of blood transfusion than ODP (OR = 0.23, 95% CI 0.07-0.72, P = 0.01). 
Oncologic Parameters
Eleven studies reported malignant histology in both laparoscopic and open groups. 20, [22] [23] [24] [25] [26] 28, 31, [34] [35] [36] However, only 4 studies reported margin status ( Figure 4 ). 23, 26, 28, 36 On pooling the results, there was no significant difference between LDP (15 of 331, 4.5%) and ODP (45 of 514, 8.8%) with respect to positive margins at the resection line (OR = 0.59, 95% CI 0.23-1.50, P = 0.27).
Data on total lymph nodes examined were reported in 4 studies. 20, 23, 26, 36 Baker et al reported a significantly higher mean total lymph node count of 9.4 (SE: 1.2) with ODP compared to 5.2 (SE: 1.4) with LDP (P = 0.04). Waters et al showed similar results (median lymph nodes, ODP: 14 vs LDP: 11), although marginally significant (P = 0.06). DiNorcia et al 23 reported no difference in total lymph node extraction (ODP: Median 8.0, IQR [interquartile range] 3.0-13.0, vs LDP: Median 6.0, IQR 2.5-12.0, P = 0.29). Jayaraman et al 26 also reported no difference (P = 0.4) in total lymph node counts between ODP (median 5) and LDP (median 6). It was not possible to do a meta-analysis of these outcomes as the SD and/or the mean could not be obtained or computed from the reports.
Postoperative Complications
All 18 studies reported the overall incidence of postoperative morbidity ( Figure 5 ). Meta-analysis showed a significantly lower incidence of overall morbidity of 33.9% (262 of 773) in LDP versus 44.2% (460 of 1041) in the ODP group (OR = 0.73, 95% CI 0.57-0.95, P = 0.02). Eleven studies reported surgical site infection rate. 19, [24] [25] [27] [28] [29] [31] [32] [33] [34] [35] Meta-analysis showed a significantly reduced incidence of surgical site infection of 2.9% (15 of 520) in LDP compared with 8.1% (49 of 607) in the ODP group (OR = 0.45, 95% CI 0.24-0.82, P = 0.009). Three studies reported readmission rates, 23, [25] [26] with none individually showing a significant difference between the 2 groups. Meta-analysis showed a significantly reduced . Reoperation rates were reported in 5 studies. 23, 26, 28, [32] [33] Both LDP (7 of 334, 2.1%) and ODP (16 of 513, 3.1%) had similar rates of reoperation (OR = 0.78, 95% CI 0.28-2.18, P = 0.63). There was no significant difference in the perioperative mortality between LDP (3 of 766, 0.4%) and ODP (13 of 1037, 1.2%, P = 0.43), from data available from 17 studies. [19] [20] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] All 18 studies reported the incidence of pancreatic fistula; however, the definition and the reported severity were variable (Table 1) . Meta-analysis of all studies showed no difference in the overall pancreatic fistula rates between the 2 groups (OR = 0.89, 95% CI 0.69-1.15, P = 0.38). Nine studies used the ISGPF definition for pancreatic fistula. After excluding 2 studies that reported only fistula grades B-C, 19 ,31 a meta-analysis of 7 studies showed that there is no difference in pancreatic fistula rates (grades A, B, and C; ISGPF definition) between LDP (71 of 371, 19.1%) and ODP (121 of 607, 19.9%, OR = 1.06, 95% CI 0.75-1.51, P = 0.73). Although LDP had lower incidence (45 of 360, 12.5%) of clinically significant pancreatic fistula (grades B-C, ISGPF definition) than ODP (74 of 474, 15.5%); this result was not statistically significant (OR = 0.73, 95% CI 0.47-1.12, P = 0.15).
Sensitivity Analysis
Sensitivity analyses address robustness of the findings obtained from meta-analysis. They involve comparing the results of 2 or more meta-analyses calculated using different assumptions, that is, they test whether the assumptions or decisions made during the course of the review have a major effect on the results. The sensitivity analysis (Table 2 ) included the following: (1) 10 studies with more than 20 patients in a treatment arm, (2) 10 studies that matched the treatment groups on clinicopathological factors, (3) 10 studies of high quality (quality score of 6 or more using the modified Newcastle-Ottawa scale and the Quality Assessment Tool for Systematic Reviews of Observational Studies score), and (4) 8 retrospective reviews of prospectively maintained database. Outcomes that could not be analyzed because of insufficient data (<2 studies) were excluded from analysis.
Study Size
Operative blood loss and length of hospital stay remained significantly lower in the laparoscopic group by 363.93 minutes (P = 0.003) and 3 days (P < 0.001), respectively. There remained a significantly lower risk of overall complications (OR = 0.73, P = 0.01), surgical site infections (OR = 0.43, P = 0.01), and readmission (OR = 0.58, P = 0.03) with LDP. In contrast, there was no significant difference in transfusion rates between the groups (P = 0.28). The remainder of the outcomes were not statistically different between the 2 groups, including margin status (P = 0.41), operative time (P = 0.30), mortality (P = 0.43), and pancreatic fistula (P = 0.20, 0.50, and 0.77 for any fistula; ISGPF grades A-C; and ISGPF grades B-C, respectively). There was generally a reduction in the degree of heterogeneity between the studies.
Matched Treatment Groups
Operative time was significantly higher in the laparoscopic group by 27.35 minutes (P = 0.03). The rate of transfusion, overall complications, and readmissions became nonsignificant (P = 0.12, P = 0.08, P = 0.17, respectively). The other variables remained similar to the original LDP versus ODP analysis. Heterogeneity was once again reduced.
High Study Quality (Quality Score ≥ 6)
Time to oral intake became nonsignificant (P = 0.91). Transfusion rate could not be assessed because of insufficient data. The remainder of the results were similar to the original analysis and heterogeneity was reduced, in general.
Prospectively Collected Data
Transfusion rate and time to oral feeds were not estimable. Rate of surgical site infection became nonsignificant (P = 0.35). The other outcomes showed similar results as the original analysis. Heterogeneity was once again reduced.
DISCUSSION
During the past decade, the evolution of minimally invasive approaches represents one of the most significant advances in the field of surgery. The laparoscopic approach to certain procedures has been associated with a reduction in postoperative pain, morbidity, faster recovery, and early discharge compared to the open counterpart. 1-4,37,38 LDP was first described by Cuschieri et al 6 in the mid 1990s and has rapidly expanded in application over the last decade. Initial evidence in support of the laparoscopic approach was mostly in the form of single institution case series and thus limited by their sample size and the absence of comparison groups. 7, [39] [40] [41] [42] [43] [44] [45] Although randomized studies are lacking, there has been a recent surge in the number of case series and multi-institutional studies that have been published, comparing the safety and efficacy of the laparoscopic and open approach. Only 2 reviews were previously published on this topic. 46, 47 Briggs et al 48 performed a systematic review of minimally invasive pancreatic resection and described morbidity and mortality with laparoscopic enucleation, distal pancreatectomy, and pancreaticoduodenectomy. A meta-analysis, comparing laparoscopic and open procedures was however not performed. Nigri et al 49 performed the first meta-analysis comparing LDP with ODP with 10 studies and 729 patients. They reported lower blood loss, shorter time to oral intake, shorter length of hospital stay, and lower incidence of overall complications, surgical site infections, and pancreatic fistula. There was no difference in mortality and reoperation rates. However, they did not assess the quality of the included studies and did not assess for the risk of bias in their analysis using techniques such as sensitivity and subgroup analyses. Moreover, since then, there have been 8 additional studies that have been published with a large sample size and good quality. The present review brings this work up to date and provides a comprehensive view of the safety and efficacy of LDP compared with ODP, while taking into account variations in the characteristics of the reports that can influence the overall estimate of the outcome of interest. We included 1814 patients, 773 (43%) of whom underwent LDP and 1041 (57%) underwent ODP. Such a large sample group would otherwise be impossible to accumulate in a reasonable length of time. The results of this meta-analysis of 18 studies (purely retrospective and retrospective reviews of prospectively maintained databases) suggest that patients undergoing LDP, compared to ODP, have lower blood loss and better postoperative recovery, in terms of reduced hospital length of stay and time to oral intake. There was also a lower risk of overall complications and surgical site infections with the laparoscopic approach. Although only 3 studies reported readmission rates, there was a significantly lower incidence of readmission with laparoscopic than with open surgery. No significant differences were observed in the pancreatic fistula rates and the postoperative mortality. It was interesting to note that LDP had no significant difference in the operative time and margin positivity. However, a comprehensive evaluation of oncologic safety could not be done because of limited or inadequate data for meta-analysis on lymph node status.
Analysis of intraoperative parameters showed that the mean blood loss in LDP was significantly lower than in ODP by 355 mL and LDP was also accompanied by fewer transfusion requirements (1.7% vs 11.6%). The lower blood loss was consistently observed in all the sensitivity analyses, conducted using sample size, matching of treatment groups, study quality, and prospective studies and ranged from 242 mL to 392 mL in favor of the laparoscopic resection, while retaining its statistical significance. We acknowledge that both benign and malignant tumors were included in the analysis, and this may have confounded the intraoperative blood loss when including all the studies. It was interesting to note that even after excluding studies that did not match for clinicopathological factors in our sensitivity analysis, LDP continued to have a lower blood loss than ODP.
The difference in the transfusion rates was an isolated finding, only observed in the overall analysis and not in any subsequent sensitivity analysis. This may be because only 6 studies reported these data. Although the perception of a laparoscopic procedure taking longer than its open equivalent is generally accepted, considering the increased instrumentation used during the surgery and the setup time involved, it was surprising to observe that the mean operative time in ODP was only 10 minutes longer than LDP, when including all the studies. When analyzing large, high quality, and prospective studies, there remained no difference in the operative time between the 2 groups; however, on analysis excluding studies with unmatched treatment groups, ODP had a higher operative time by 27 minutes, which was statistically significant. Ultimately, the length of the operation is unlikely to be the true benefit of laparoscopic surgery, rather the earlier recovery, shorter length of hospital stay, and smaller surgical wounds.
With respect to postoperative recovery, LDP patients were discharged, on average, 4.0 days earlier and started oral feeds 1.5 days earlier than ODP patients. The reason for this substantial difference may be related to the lower wound pain, rate of ileus, morbidity, and infection rate, all of which may impair a patient's readiness for discharge after a major operation. The difference in the length of stay varied from 2.5 days to 3.3 days in all the sensitivity analyses and remained statistically significant. Time to oral intake was reported in only 5 studies and remained significantly lower in LDP when including large studies and studies with matched treatment groups in the sensitivity analysis.
Although studies have evaluated LDP for benign pancreatic lesions, 33, 41, 45, 50 the role of the laparoscopic approach for malignant tumors remains controversial, with concerns about long-term survival rate, margin positivity rate, and lymph node retrieval. Although 11 studies 20, [22] [23] [24] [25] [26] 28, 31, [34] [35] [36] reported both benign and malignant histology in their treatment groups, only 4 evaluated the margin status, 23, 26, 28, 36 which was seen to be not significantly different in the overall or subgroup analyses. Lymph node retrieval was evaluated in 4 studies, 20, 23, 26, 36 with variable results; however, these data were not meta-analyzable as the SD and/or the mean could not be obtained or computed from the reports. As a result, no meaningful conclusion on oncologic outcomes after LDP for malignancy was possible. In 2010, Kooby et al 51 published a multicenter analysis evaluating the oncologic safety of LDP, compared to ODP for pancreatic adenocarcinoma. They reported no significant differences in positive margin rates, number of nodes examined, number of patients with at least 1 positive node, or overall survival in their matched analysis. This study was excluded from our analysis because of overlap with a larger study 28 by the same study group over a similar time frame. Similar studies are warranted to evaluate the oncological safety of LDP using meta-analytical techniques.
The rate of overall complications was significantly lower after laparoscopic surgery than after open surgery (33.9% vs 44.2%, respectively). This was consistently observed in all the sensitivity analyses and was marginally significant when including matched treatment groups. Although there was a lower incidence of major complications in LDP than in ODP, (0.5% vs 1.3%), this difference was not statistically significant. This result should be interpreted with caution as the definition of major complications varied across studies and limited studies defined their complications on the basis of previously validated systems such as the Clavien-Dindo classification. 52 This heterogeneity could not be adjusted for and hence this outcome was not included in our meta-analysis. To comprehensively compare outcomes of operative techniques by meta-analysis, it is advisable to conduct future studies using standard definitions of postoperative outcomes.
There was a significantly lower incidence of surgical site infections in LDP patients than in ODP patients (2.9% vs 8.1%). When only studies using prospectively collected data were included, this difference, although consistent, was not statistically significant. Reduced rates of surgical site infections with laparoscopic procedures are not a novel finding as they have been demonstrated in other studies comparing laparoscopic and open approaches. 4, 37, 53 This may be attributable to the smaller surgical incision and the potentially differential effects of laparoscopic and open surgery on the immune system. 54 LDP had lower readmission rates (12.6% vs 17.7%), which were consistent in the sensitivity analyses. However, only 3 studies had reported their readmission rates. Moreover, this result may also have been underreported as patients who were readmitted at outside hospitals may not have been captured in these data. There was no difference in the rates of reoperation or mortality.
Postoperative pancreatic fistula represents a major problem following both LDP and ODP. The ISGPF defined pancreatic fistula as a drainage of any measurable volume of fluid on or after postoperative day 3 with an amylase content greater than 3 times the serum amylase activity. 8 The severity was further stratified in grades A, B, and C on the basis of clinical symptoms and interventions. This standardized definition of pancreatic fistula was used in 9 of the 18 studies. To eliminate this heterogeneity in the results, we compared postoperative pancreatic fistula rates in LDP and ODP by including all studies (16.9% vs 20.5%, respectively); ISGPF grades A, B, or C (19.1% vs 19.9%, respectively); and clinically significant pancreatic fistula or ISGPF grades B-C (12.5% vs 15.6%). No significant differences were observed between LDP and ODP in any of the subgroup or sensitivity analyses.
LDP significantly reduced the operative length of stay by 4 days, having less overall complications and, in particular, wound complications. At the same time, the laparoscopic procedure did not show a significant increase in the operative time for each patient and had better postoperative outcomes. Hence, LDP may very likely result in a significant reduction to the overall operative cost. Unfortunately, our data were inadequate for comparing costs associated with the 2 procedures. Needless to say, this is a link that warrants further investigation by future studies.
This meta-analysis of observational studies has several limitations that must be taken into account. The strength and limitations of meta-analytic techniques have been a source of considerable debate. Patrons of these techniques would argue that meta-analyses are excellent tools for identifying the causes of variability and inconsistencies in studies and the heterogeneity identified would set the stage for further research on a given hypothesis. 55 Critics of this technique argue that meta-analyses reinforce inherent systematic biases in studies and produce spurious statistical stability, thereby discouraging further research. 56 Meta-analysis can be classified as "synthetic," where single fixed-effect summaries are reported and heterogeneity is ignored and "comparative," where heterogeneity is taken into account and attempts are made to explain it. 57 Comparative meta-analyses are generally well accepted as an aid in critically comparing studies and are better accepted in the medical literature as a tool to complement qualitative reviews. 58 This is particularly true when dealing with a condition or an operation that is not performed at great frequency at many institutions nationwide. The limitations of the current study are as follows: First, different studies may have had slightly different defining criteria for the outcomes of interest we were interested Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
in, that may not be reported in the study methodology. We tried to account for this heterogeneity while defining the study quality and by performing sensitivity and subgroup analysis. Second, because of the inclusion of nonrandomized studies, there is an inherent selection bias in the treatment groups. Third, there is the limitation of selective reporting and non-publication bias, which cannot be accounted for. Finally, there was variation in the inclusion criteria, study type, and timing of outcome assessment between studies.
In conclusion, this study suggests that LDP is a safe alternative to the open technique. It is associated with lower blood loss and better postoperative recovery in terms of a reduced length of hospital stay. Moreover, this technique is not associated with an increased operative time compared with the open procedure and has a lower risk of overall postoperative complications and wound infection. Although a thorough evaluation of short-and long-term oncologic outcomes for LDP was not possible, the rate of margin positivity was comparable with the open technique. The improved complication profile of LDP, taken together with the lack of compromise of margin status, suggests that this technique is a reasonable approach in selected cancer patients.
